One of the rarer problems that occur in growing medicinal and spice plants is ensuring the quality of the propagating material. Germination of seeds of one of these plants, Allium ursinum L., is slow. To improve that, stratification is used. In the experiment, which was carried out in Lithuania in 2016, evaluation of fourand five-week long stratification and the use of alkaline ionized (pH 8.6) water for germination affect for Allium ursinum L. seeds were evaluated. It was found that the above-mentioned intervals for stratification did not affect the beginning of seed germination. Furthermore, one of the possible reasons for slower germination was found, and it was the incidence of seed diseases caused by fungi and bacteria. Allium ursinum L. seeds were affected the most by Penicillium ssp. micromycetes. The longer the period of stratification, the more alkaline ionized water decreased the effect of Mucor ssp. micromycetes.
INTRODUCTION
The importance of Allium ursinum L. as a spice has risen in the last decades, however, its chemical consistency depends on the growing conditions (Sobolewska et al., 2011) .
Allium ursinum L. is a typical representative of its genus and has been used for centuries in traditional medicine. Allium ursinum is a perennial herbaceous plant, of wide-spread distribution both in Europe and Asia. Although it does not grow at high altitudes (beyond 1.900 m) and in the far North (beyond ca. 64°N), it can be found in natural stands from the Mediterranean region to Scandinavia (Oborny et al., 2011) . It is also native to Asia Minor, the Caucasus, and Siberia (Madaus, 1938; Djurdjevic et al., 2004; Oborny et al., 2011; Rola, 2012) .
Two subspecies of A. ursinum are recognized: A. ursinum ssp. ursinum and A. ursinum ssp. ucrai nicum. The subdivision is based on the smoothness of the pedicel surface (Karpavičienė, 2006) . The pedicels of the ssp. ursinum are scabrid, with numerous papillae, and rough, while the ssp. ucrainicum has smooth pedicels without papillae (Farkas et al., 2012; Rola, 2012) . The former is distributed in western and central Europe, whereas the latter in the eastern and south-eastern part of the continent (Oborny et al., 2011; Rola, 2012) . The distribution areas of the two subspecies can overlap what results in the existence of transitional forms. In Poland, both subspecies, along with the intermediate forms occurring at the border of the distribution ranges, were recorded (Rola, 2012) .
A. ursinum is considered one of the species the patchy distribution of which is a characteristic feature of the herb layer in the HordelymoFagetum forest community. Under the dense carpets of these species, competition for space and light is likely to occur (Leuschner, Lendzion, 2009) . A. ursinum is a strong inter-specific competitor, which affects the growth of other herbaceous plants via soil where phenolic phytotoxins (produced by ramson) are accumulated (Djurdjevic et al., 2004) .
Allium ursinum L. is most commonly multiplied by seeds. Most of the seeds can stay in the state of rest from one to two years (Eggert, 1992) . The majority of the population (50-70%) consist of sprouts and young plants. Flowering individuals make up 3-5%. In Lithuania, large overgrowth of species is found in the districts of Biržai, Tauragė, Kėdainiai, and Kretinga. It is very rare in the southern and eastern parts of Lithuania (Karpavičienė, 2004; Karpavičienė, 2007) . Human economic activity has the greatest negative influence on the prevalence and abundance of Allium plants. In order to satisfy the needs of the market and to protect populations, attempts are made to cultivate Allium since plants cannot be harvested in natural plant sites. However, the quality of the adapted propagating material is questionable.
The plants of this genus may suffer from parasitic micromycetes, which under favourable conditions can significantly reduce the seed yield (Karpavičienė, 2004) . Meteorological conditions are of great importance in the spread of diseases. Under low air temperature and high relative humidity, the plants are damaged by blights -Botrytis and Fusarium genus fungus, particularly in spring when Allium plants are frozen. Micromycetes spread easier by seeds and bulbs. Twenty-two species of 28 micromycetes are found on the seeds of these plants. Mostly, the saprotrophic Hyphomycetes fungi were found (Survilienė et al., 2005) .
Grigaliūnaitė and Karpavičienė (2004) found that saprotrophic micromycetes were most commonly found on the leaves of dried Allium plants. Most micromycetes are found on seeds and bulbs, although some literature sources (Synoviec et al., 2010) maintain that plant-produced compounds can suppress the activity of some micromycetes, including Aspergillus niger, Penicillium expansum.
The main aim of this experiment was to evaluate germination of Allium ursinum seeds stratified for four and five weeks, and its reducing factors.
MATERIALS AND METHODS
To evaluate the influence of four and five weeks of stratification and alkaline ionized water (pH 8.6) on the germination and condition of seeds of Allium ursinum L., the seeds were put in ignited sand and cooled down for four (28 days) and five weeks (35 days) in 5-6°C temperature. Each Petri dish had 25 seeds. The sand for the control variant was moistened with distilled water, while the experimental one was moistened with alkaline ionized water, which was made with ionizer PTV-KL. After the required period of time in stratification, the Petri dishes were taken into the oven with natural air convection Ecocell MMM with 22 ± 24°C temperature inside. Each variant of the experiment was repeated three times. Germination and condition of seeds were determined after three, six, and 12 days. Seeds from UAB "Nojaus sėklos" were used in this experiment.
To evaluate the condition of seeds, disease incidence was calculated using the formula from Šurkus and Gaurilčikienė (2002): P = n/N × 100, when P -incidents of disease, %; n -number of disease incidents on seeds, units, N -number of examined seeds, units.
The genus of prevailing fungi diseases was identified (Dugan, Frank M., 2006) .
Statistical data was analysed with one-way ANOVA method using STATISTICA software package.
RESULTS AND DISCUSSION
Literature notes (Eggert, 1992 ) that in the state of rest seeds can exist for one to two years, however, germination can begin before winter or in spring. That is how seeds went through the state of rest or the period of stratification. In this experiment, stratification of 4-5 weeks in the spring after the state of rest was conducted.
However, despite the length of stratification or water germination, the seeds did not germinate after the recommended 12-day period (Table 1). During the monitoring, one of the possible reasons for this situation was found and it was diseases on the seeds. Literature suggests that Allium ursinum can produce secondary metabolites, which inhibit growth and germination of other plants (Djurdjevic et In this experiment, disease incidence on seeds in the control variant after four weeks of stratification increased from 16% to 33.3%, or 2.08 times in the period from day 3 to day 12 of monitoring. In the analogical variant, but with alkaline ionized water, seed disease incidence on the seeds increased from 14.0% to 26.0%, or 1.85 times. Compared with the control, alkaline ionized water decreased disease incidence statistically significantly, 1.28 times. Comparing five-week stratification with a shorter period of time, common disease incidence was lower in the control and in the alkaline ionized water variant. In the control variant, it increased from 2.7% to 24.0%, or 8.88 times, and in the alkaline ionized water variant from 4% to 10%, or 2.5 times, through the entire time of monitoring. Compared with the control, differences are significant. Results show that a longer period of stratification resulted in a lower disease incidence on seeds.
Lithuanian scientists (Zitikaitė et al., 2011) suggest that Allium ursinum L. and especially its seeds and fruits can be mostly affected by rots. The reason for that can be micromycetes, which contaminate racemes when the latter droop down after the blossoming and touch soil. In this experiment bacteria and especially micromycetes caused diseases ( Table 2 ). Symptoms of fungi diseases in control seeds were developing gradually, independently of the length of stratification. In the alkaline ionized water variant, the symptoms were found at the beginning of germination.
Disease incidences (in micromycetes) on seeds after four weeks of stratification increased 1.9 times in the control variant and 1.57 times in the alkaline ionized water variant. After five weeks of stratification, incidences of disease with micromycetes at the end of germination were as many as 7.4 times higher in the control, while in the alkaline ionized water variant only 6.0% of micromycetes-affected seeds were found.
According to Lithuanian scientists (Karpavičienė, 2004; Survilienė et al., 2005), saprotrophic micromycetes are most commonly found on dried leaves of Allium plants, and mainly on seeds and bulbs. In our experiment, when the propagating material from the supplier UAB "Nojaus sėklos" was used, in all cases the incidences of diseases of Allium ursinum were caused by Penicillium ssp. (Table 3) . Table 1 These micromycetes accounted for 16.0%, or 48.0% of the total disease incidence in the control variant after four weeks of stratification. Disease incidence in the alkaline ionized water variant reached 16.0%, or as much as 61.0% of the total disease incidence. After five weeks of stratification, the incidence of diseases caused by the micromycetes in the control variant and in the alkaline ionized water variant, reached 16.0% or half of the total disease incidence, and 2.0%, or 20.0% of the overall disease incidence, respectively. Conditions like temperature (higher than 22°C) and sufficient humidity most likely were favourable for micromycetes during the germination.
Very likely the length of stratification with alkaline ionized water became an environment unfavourable not only for that genus of micromycetes but also for Mucor ssp., which were not found in seeds of this variant.
CONCLUSIONS
Green mass of Allium ursinum is in demand in pharmacy and food industry because of its biochemical composition. However, in Lithuania it is allowed to gather seeds only from natural plant sites, which can be infected by various pathogens just like those acquired from centralized suppliers. Allium ursinum seeds usually remain in the state of rest for a long time. This situation was proven by current experiment, which showed that four or five weeks of stratification were not enough for the interruption of the state of rest. Some of the seeds died during germination because of diseases caused by micromycetes and bacteria. In our case, a longer period of stratification lowered the overall disease incidences on seeds, especially when alkaline ionized water was used. It can be stated that Note: * essential differences compared with control, confidence level of P < 0.05; control -distilled water, IAW -ionized alkaline water.
an alkaline environment was less favourable for micromycetes, particularly for Mucor ssp., than distilled water. Of all the micromycetes, Penicil lium ssp. caused the highest incidence of seed diseases, especially when distilled water was used for germination.
